Background. Persons with influenza can develop complications that result in hospitalization and death. These are most commonly respiratory related, but cardiovascular or neurologic complications or exacerbations of underlying chronic medical conditions may also occur. Patterns of complications observed during pandemics may differ from typical influenza seasons, and characterizing variations in influenza-related complications can provide a better understanding of the impact of pandemics and guide appropriate clinical management and planning for the future.
Influenza causes considerable morbidity during each annual influenza season. Although influenza is most often a self-limited respiratory illness, severe illness including hospitalization and death can occur as a result of complications stemming from the influenza virus infection. In the United States, an estimated 100 000-300 000 hospitalizations [1] and 3300-48 000 deaths [2] are attributable to influenza each year. Since the 1960s, several factors have been recognized to increase the risk for complications of influenza, including extremes of age, certain underlying chronic diseases, and pregnancy [3, 4] .
The most common influenza-associated complications are pulmonary, especially pneumonia, but a number of organ systems can be affected [5] . Cardiovascular complications, such as myocardial infarction, have been associated with antecedent respiratory infection, including influenza [6] . Neurologic complications including seizures and encephalopathy have also been documented among persons with influenza [7] , more often observed in children [8] . Complications may also result from the exacerbation of underlying chronic medical conditions following infection, such as asthma, chronic obstructive pulmonary disease (COPD), or heart disease [9, 10] .
In April 2009, the influenza A(H1N1)pdm09 virus (H1N1pdm09) caused the first influenza pandemic in >40 years [11] . Patterns of complications among persons with influenza may differ between influenza pandemics and annual seasons due to either differences in age groups most affected or virulence of circulating strains. An appreciation of particular patterns of complications and how they may differ during an influenza pandemic can help in understanding the clinical impact of the 2009 pandemic, guide clinicians toward the most effective diagnosis and management of patients with influenza, and assist in future resource planning.
Several studies have described patients hospitalized with H1N1pdm09, including those with influenza-related complications, in case series or at single-hospital sites or geographic areas [8, [12] [13] [14] [15] [16] [17] . However, there has been limited evaluation of influenza-related complications in a large multicenter population of adults hospitalized with influenza during multiple influenza seasons, with the ability to directly compare complications from seasonal and pandemic influenza and with a large enough sample size to assess more rare complications. In this analysis, we describe data on >9000 adult patients during 2005-2010 from the Emerging Infections Program (EIP) Influenza Surveillance Network, a population-based surveillance system in the United States for patients hospitalized with laboratoryconfirmed influenza. The purpose of this analysis was to describe and compare influenza-associated complications among adults hospitalized with H1N1pdm09 and seasonal influenza. Complications among children in this network have been previously described [18] .
METHODS

Study Population and Case Definitions
Since 2005, the EIP influenza surveillance network has conducted population-based surveillance of adults hospitalized with laboratory-confirmed influenza virus infection, using a standardized surveillance protocol in 240 hospitals of 10 geographically diverse surveillance areas across the United States. Included in this analysis are adult patients hospitalized with laboratory-confirmed influenza identified in EIP during 2005-2010. An adult is included in EIP influenza surveillance if he/she is ≥18 years of age, resides in the surveillance area, and is hospitalized with laboratory confirmation of influenza virus infection. Laboratory testing for influenza is ordered at the discretion of clinicians providing medical care, and confirmation may include a positive result from viral culture, direct or indirect fluorescent antibody staining, rapid antigen test, reverse transcription polymerase chain reaction (PCR), or documentation of a positive test result in a patient's medical record. Patients are identified through hospital laboratory and admission databases, infection control logs, and hospital discharge data for patients with a documented positive influenza test. Through medical record review, data are collected for each patient regarding demographic characteristics, medical history, clinical course, and outcomes (eg, admission to intensive care unit, mechanical ventilation, or death), as well as the first 9 discharge codes using the International Classification of Diseases, Ninth Revision (ICD-9).
Patients identified through surveillance were classified as having seasonal influenza ( Complications were classified based on ICD-9 discharge codes and included from the following categories: pulmonary, cardiovascular, neurologic, metabolic, musculoskeletal, cerebrovascular, and endocrine. A complete list of included complications and associated ICD-9 codes are included in Supplementary Table 1 .
Data Analysis
Clinical characteristics of patients and frequencies of complications were compared using χ 2 tests for categorical variables, and medians and distributions of continuous variables were compared using the Wilcoxon-Mann-Whitney test. To control for the contribution of age and underlying medical condition to the risk of complications, we calculated adjusted relative risks of complications in patients with H1N1pdm09 compared with patients with seasonal influenza using multivariable log-binomial regression. All analyses were performed using SAS software version 9.2 (Cary, North Carolina).
RESULTS
A total of 5959 adult patients with influenza were identified through EIP surveillance during the seasonal influenza periods ) were excluded because they were infected with influenza B viruses (n = 52) or seasonal influenza A virus subtypes (n = 14 for H3N2). Unknown subtypes were assumed to be the predominant H1N1pdm09. In addition, a total of 689 (11.6%) patients with seasonal and 418 (7.8%) patients with pandemic influenza were excluded from the analysis because they were missing ICD-9 code data. Patients without ICD-9 data did not differ in risk of intensive care unit (ICU) admission, mechanical ventilation, or death. The data collection instrument captures the first 9 ICD-9 codes; among included patients, 5388 (52.7%) had all 9 ICD-9 code fields completed. Adults hospitalized with H1N1pdm09 were younger (median age, 47 years) than those with seasonal influenza (median age, 68 years) (P < .01; Table 1 ). Figure 1 shows the substantial differences in the age distribution of patients during the seasonal and pandemic periods. During the seasonal influenza period, the largest proportional age group of patients was ≥80 years of age (29%), whereas this age group represented the smallest fraction of patients with pandemic influenza (4%), and only 21% of patients hospitalized with H1N1pdm09 were ≥60 years of age. Fewer than half of patients had documented influenza vaccination in either group, although significantly more during prepandemic seasons (46%) than during the pandemic season (23%; P < .001), when vaccine was not available until after the peak of the fall wave. Antiviral treatment was higher during the pandemic, with 83% of patients receiving antiviral medications compared with 54% during prepandemic seasons (P < .001).
Patients hospitalized during the pandemic were only slightly less likely to have a documented underlying medical condition than during the seasonal influenza period (80% vs 84%; P < .01); however, the types of medical conditions reported varied between the 2 groups (Table 1) . Patients hospitalized with H1N1pdm09 were more likely than patients with seasonal influenza to have asthma or be pregnant; they were substantially less likely to have COPD or other chronic lung diseases, chronic cardiovascular disease, or chronic metabolic diseases (Table 1) . A greater percentage of adults hospitalized with H1N1pdm09 were admitted to the ICU (23%) or required mechanical ventilation (13%) than adults hospitalized with seasonal influenza (15% ICU, P < .001; 9% mechanical ventilation, P < .001). Mortality was similar in both groups (4%) ( Table 1) .
We examined several complications affecting a number of organ systems (Table 2) . Among seasonal patients, 64% had at least 1 of the included complications recorded, compared with 71% of patients with H1N1pdm09 (P < .01). Overall, patients with 1 of the included complications had 5.5% risk of mortality compared with 0.3% mortality in patients without any of the included complications (P < .001; relative risk = 15.4 after controlling for age and underlying condition). Whereas pulmonary complications were the most commonly recorded during both periods (Table 2) , there was a significant difference between the 2 periods, with 55% of seasonal influenza patients having at least 1 recorded pulmonary complication, compared with 64% of patients with H1N1pdm09 (P < .001). Of pulmonary complications, pneumonia was the most commonly recorded (seasonal: 35%, pandemic: 43%, P < .01). Other common complications included renal failure (12% among both seasonal and pandemic patients, P = .99), cardiovascular complications (seasonal, 6%; pandemic, 5%; P = .02), and shock/sepsis (seasonal, 6%; pandemic, 10%; P < .01). Neurologic, musculoskeletal, cerebrovascular, and endocrine complications were also noted, but less frequently (<5% of seasonal or pandemic patients).
Although the frequency of many complications differed between the seasonal and pandemic period, for some the associations were no longer significant after we controlled for patients' ages and underlying medical condition(s), indicating that the risk of those complications did not differ during the pandemic for persons of similar age and medical history. These complications included exacerbations of asthma and COPD, most cardiovascular and neurologic complications, and musculoskeletal, cerebrovascular, and endocrine complications (Table 3) .
There were several complications, however, that were significantly more likely to occur among adults hospitalized with H1N1pdm09 than adults with seasonal influenza, even after controlling for age and underlying medical conditions (Table 3) . These were most commonly respiratory complications such as pneumonia (adjusted relative risk [aRR] = 1.3) and respiratory failure (aRR = 1.8), as well as nonrespiratory complications such as renal failure (aRR = 1.3) and shock/sepsis (aRR = 1.7). Some other, less frequent complications were also more likely among patients hospitalized with H1N1pdm09 including acute respiratory distress syndrome (aRR = 3.0), acute heart failure (aRR = 3.4), hemoptysis (aRR = 1.8), and encephalopathy (aRR = 1.5). We further found that adults hospitalized with H1N1pdm09 were approximately 1.5 times more likely to experience clinical outcomes such as ICU admission, mechanical ventilation, or death than those hospitalized with seasonal influenza, after controlling for age and underlying conditions.
To examine whether these associations were modified by age, we repeated the analysis in 3 age strata: 18-39 years, 40-64 years, and ≥65 years ( Figure 2 ). Young adults <40 years of age hospitalized with H1N1pdm09 were particularly affected, with approximately 2.5 times the risk of respiratory failure, twice the risk of ICU admission or mechanical ventilation, and 4 times the risk of death compared with adults <40 years hospitalized with seasonal influenza.
DISCUSSION
Although the 2009 influenza pandemic is considered to have been a relatively mild pandemic, especially when compared with the previous 3 documented influenza pandemics, many serious complications did occur. We found that compared with adults hospitalized during 4 previous influenza seasons, those hospitalized with pandemic influenza were younger and more likely to have lower respiratory tract complications (including pneumonia) and corresponding indicators of severe illness (including shock/sepsis and acute organ failure), even after controlling for differences in age and comorbidities. Furthermore, adults hospitalized with influenza during the pandemic were also more likely to be admitted to the ICU, require mechanical ventilation, or die during hospitalization.
These findings are consistent with observations from previous influenza pandemics, which have noted an increased risk of lower respiratory tract complications, including viral pneumonia with or without bacterial coinfection [19, 20] . Likewise, the findings from this large case series are similar to a few smaller recent studies that were able to directly compare adults with H1N1pdm09 or seasonal influenza. In Hong Kong, adults hospitalized with H1N1pdm09 had a significantly greater frequency of complications and mortality despite being younger than patients hospitalized with influenza in 2007-2008 [14] .
A small study of patients hospitalized with influenza in Australia in 2009 found an increased risk of admission to intensive care among persons infected with H1N1pdm09 vs cocirculating seasonal influenza strains [21] , whereas patients with outpatient medically attended H1N1pdm09 in the United States experienced a greater risk of pneumonia than patients with seasonal influenza H1N1 or H3N2 in previous seasons [22] . Postpandemic, 2 studies have also found an increased risk of pneumonia [23] or ICU admission/death [24] among patients with H1N1pdm09 compared with those with other seasonal influenza strains. During a pandemic, the spread of an antigenically novel influenza virus against which there is limited preexisting immunity may be expected to result in an increased risk of severe respiratory complications compared with annually circulating strains of seasonal influenza. One notable hallmark of the 2009 influenza pandemic was the increased risk of influenza among younger persons, which was reflected in the substantial differences in the age distribution we observed between adults hospitalized with pandemic or seasonal influenza. Whereas this trend is often seen during influenza pandemics [25] , some degree of cross-reactive immunity among persons of older ages may have contributed to relatively low levels of infection with H1N1pdm09 in older adults [26] . Although we did find that all adults had a higher risk of respiratory complications and severe outcomes with H1N1pdm09 than seasonal influenza, we further stratified by age and found that younger adults aged <40 years were particularly affected, including a 4 times greater risk of death during the pandemic compared with adults of similar age hospitalized with seasonal influenza.
This trend toward more severe illness, especially in younger persons, has important implications for clinical management during pandemics, as younger persons are also likely to have different comorbidities that need to be managed in parallel. As we found, patients hospitalized during the pandemic were more likely to have asthma or be pregnant, medical histories associated with younger age. While we did not have data on obesity for hospitalized patients prior to the pandemic, other studies have indicated that morbid obesity was associated with hospitalization during the pandemic even in the absence of other medical conditions [27] , and thus may be a frequent comorbidity seen among younger adults with severe influenza. Conversely, adults hospitalized during the pandemic were less likely to have conditions such as COPD, chronic heart disease, or chronic metabolic diseases, which are more prevalent among older adults.
Consistent with these differences in age and medical history, the overall pattern of other complications observed among patients hospitalized with influenza during the 2009 pandemic differed from that observed during previous seasonal epidemics. During the pandemic, for example, there were fewer exacerbations of COPD or acute myocardial infarctions, but more hospitalizations with acute complications of asthma. Much of these differences in frequency were attributable to differences in age and corresponding underlying comorbidities, as the risk of such complications did not differ during the pandemic for individuals of similar ages and medical history. Nonetheless, there was a different distribution of complications during the pandemic and as clinicians may expect to encounter a younger demographic of patients with severe influenza during pandemics, the approach to resource planning for patients and their associated medical complications may need to reflect these differences. Finally, an increased incidence of influenza in the population during the pandemic resulted in a corresponding increased incidence of hospitalization compared with previous influenza seasons [28] . In 1 year during the pandemic, we identified 5446 patients with H1N1pdm09 in the same surveillance areas, similar in number to 4 previous influenza seasons combined (n = 5959). An increase in the number of hospitalizations during a pandemic not only affects demands on hospital capacity, but also means an increased number of patients with complications that may require additional resources, staffing, and equipment (eg, supplemental oxygen, mechanical ventilation, dialysis) to effectively manage them.
This analysis is subject to some limitations. First, complications were classified based on ICD-9 discharge coding and were not confirmed with medical record review; however, our frequencies were similar to other smaller series of hospitalized patients during the 2009 pandemic that used chart review and/or radiology for confirmation of complications [12] [13] [14] . While we also cannot exclude the possibility of changes in ICD-9 coding practices during the pandemic, this surveillance system has been operating using standardized methods and in the same sites across all of the included years and when we compared the distributions of other recorded ICD-9 codes between patients before and during the pandemic (Supplementary  Table 2 ), there were no differences in the proportion coded for pneumonia and influenza, any respiratory disease, or respiratory and circulatory diseases. Second, only the first 9 discharge ICD-9 codes were captured during data collection. Approximately half of the included patients had 9 codes recorded; thus, we were unable to determine if they had additional codes in which one of the included complications were recorded. However, we considered acute and often severe complications, which may have been more likely to be listed higher among discharge codes.
Finally, patients included in this surveillance system are tested for influenza at the discretion of the treating clinicians; thus, some patients who truly had influenza but were not tested would not be represented in our analysis. This may be especially true of patients who do not present with a typical influenza-like illness, but with complications of underlying medical conditions or other nonrespiratory complications. In this study population, approximately 5% of patients did not have any respiratory ICD-9 code (Supplementary Table 2 ), and about Figure 2 . The relative risk of selected complications (with 95% confidence intervals) among patients hospitalized with pandemic influenza vs seasonal influenza, stratified by age. Abbreviations: ARDS, acute respiratory distress syndrome; ICU, intensive care unit.
12% of patients with 1 of the included complications did not have a respiratory complication ( Table 2 ). These complications may be underrepresented if physicians are less likely to test such patients for influenza. Likewise, an increased use of the more sensitive PCR to diagnose influenza during the pandemic could have increased the detection of influenza during 2009.
In the largest case series describing clinical complications of influenza, we observed a greater proportion of lower respiratory complications and severe outcomes among persons hospitalized with influenza during the 2009 pandemic compared to previous influenza seasons. In addition, although the risk of many other complications did not differ for persons of similar age and medical history, these were often less likely overall because of the younger age of patients with severe influenza during the pandemic. Understanding the patterns of influenza-associated complications and how those may differ during influenza pandemics can help direct clinicians toward the most effective management of ill patients and assist in resource planning for future seasons and pandemics. Although the 2009 pandemic was thought of as relatively mild, these data highlight the impact of this pandemic on increasing the risk of severe illness from influenza, especially among younger adults, and the impact this virus may continue to have in the future.
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